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Abstract 
DyBa2Cu3Oy (Dy-123) thick films were fabricated from Dy2BaO4, BaCuO2, and CuO powders. We have added 0, 1, 2, and 4 wt% of 
Ag2O. Mixture of alpha-terpineol and 2-ethyl acetate was used as a solvent, to which 100nm-sized stoichiometric powdered mixture 
was added and grinded for several hours to form a highly dense paste. Thick film precursors were prepared by spreading the paste on 
MgO substrates with a screen printing technique. The films were sintered with a double-step annealing process. The Dy-123 thick
films obtained were of good quality. XRD analyses confirmed the formation of a high-quality c-axis oriented Dy-123 for films 
annealed at 1070oC for 10 min and at 880oC for 2h. Scanning electron microscopy showed the formation of large flat grains. Onset Tc
was 91 K according to magnetization measurements. The present results suggest that this process might be useful for the preparation
of large-area superconducting thick films on MgO substrates in a short processing time.   
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the ISS 2014 Program Committee.
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1. Introduction 
     For commercial applications of high-Tc superconductors, emphases are placed on high critical current density (Jc),
low cost, and excellent performance at high magnetic fields around 77 K.   At present, Bi2Sr2Ca2Cu3O (Bi-2223) silver 
coated tapes and RE-Ba2Cu3Oy (RE: rare earth) coated conductors (CC) are promising materials for superconductivity 
applications [1-3]. Besides the basic requirement of the lowest possible production cost, the major problem is a precise 
alignment and connectivity of grains in the thin films that tend to grow polycrystalline. To overcome this problem, 
researchers developed a technique of growing bi-axially textured films on the non-textured metal tape substrate by 
adopting the pulsed laser deposition or ion beam assisted deposition [4, 5].  These techniques enabled us to produce 
long length high performance CC wires [6].    
     Furthermore, the production of thicker layers with thin film deposition techniques has been proved to be ineffective 
and time consuming. To overcome this problem of thickness limitation, multiple depositions by using the metal-organic 
deposition (MOD) were tested.  It was found that this multi-deposition approach made the production costs high, and 
new complications appeared as compositional gradients and different oxidation levels were observed through the 123-
film thickness [7]. To facilitate the development of the superconductor industry, it is very important to introduce 
innovative techniques that will produce the superconducting tapes with higher performance with reduced cost. In this 
direction, we have introduced a simple and cheap process, very useful for commercial applications. We have already 
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reported that good quality c-axis oriented films of Er-123 systems were obtained on commercial silver substrates by a 
screen-printing technique using the initial composition of mixed Er2BaO4, BaCuO2, and CuO [8]. In this process, a 
plate-like 123 phase is formed similar to the Bi-2223 material. BaCuO2 melts at around 840o C in 1% O2 + Ar 
atmosphere, which is crucial for obtaining highly dense large-size plate-like grains.  
   In the present study, we have chosen Dy2BaO4, BaCuO2 and CuO to produce the DyBa2Cu3Oy “Dy-123” thick films 
on single crystal MgO substrates in air. X-ray diffraction (XRD) and scanning electron microscopy (SEM) results 
confirmed that films are c-axis aligned and exhibit large plate-like structure. In addition, the magnetization results 
indicated that high superconducting transition temperature around 87K can be obtained if the films were annealed in 
oxygen with the optimum temperature around 400 to 450oC. 
2. Experimental 
Home-made Dy2BaO4, and high purity commercial powders of BaCuO2, and CuO were mixed in a nominal 
composition of DyBa2Cu3Oy and added varying content of silver 0wt%, 1wt%, 2wt%, 4 wt% and ball milled in acetone. 
The ball-milling process was carried out for 2 hours, in order to reduce particle size to 100 nm. These powders were air-
dried, then pre-treated in air at 300oC for 24 hours. A mixture of alpha-terpineol and 2-ethyl acetate was used as a 
solvent to which the powder mixture was added and grinded several hours to form a highly dense paste. A thick film 
was prepared by spreading the paste on a commercial MgO single crystal substrate by means of a screen-printing 
technique. The thermal stability of these samples was analyzed by differential thermal analysis (DTA) in air. The phase 
transition temperature was determined as the onset temperature in the DTA peak in the final heating process. For the 
film growth, the screen-printed MgO single crystal substrates were placed into tube furnaces and heated at various 
temperatures in air. The film was heated up within 3 hours to a maximum temperature between 1070oC and held there 
for 10 minutes. Then it was rapidly cooled down to 880oC and held there for 2 hours to control the final grain size 
orientation. Finally, the samples were slowly cooled to room temperature within 8 hours.   
   The structure of the samples was determined by means of a high-resolution automated X-ray powder diffractometer 
RINT2200. The microstructure of these samples was studied with SEM. To optimize the oxygenation conditions for 
Dy-123 thick films, the small specimens with dimensions of a × b  = 1.4 × 1.52 mm were cut from the as-grown films 
and annealed in flowing O2 gas in the temperatures from 550-300oC with an interval of 50 oC for 25 hours and 
measured the magnetization measurements from 10 to 100 K using a commercial SQUID magnetometer (Quantum 
Design, model MPMS7).  
3. Results and discussion 
3.1. X-ray diffraction 
We tried to make Dy-123 thick films on MgO substrate in air by utilizing the starting mixture of Dy2BaO4, BaCuO2,
and CuO. We have found that a small quantity of silver and the starting particle size of the raw materials are important 
factors to produce good quality films. Figure 1 presents the typical XRD patterns of the 4wt% silver added Dy-123 
thick films produced on MgO substrates by double and triple step heat process treatment  
FIG.1. X-ray diffraction (XRD) patterns for DyBa2Cu3Oy thick film, prepared from a mixture of Dy2BaO4, BaCuO2, CuO and 4wt% 
of silver. The films on MgO substrates were processed with double step sintering process i.e. 10 min. at 1070 oC and 2 h at 880 oC
(top); the triple step sintering process i.e. 10 min. at 1070 oC, 2 h at 880 oC and  1h at 875 oC.
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FIG.2. X-ray diffraction (XRD) patterns for the silver free DyBa2Cu3Oy thick film, prepared an MgO substrate from a mixture of 
Dy2BaO4, BaCuO2, CuO with double step sintering process i.e. 10 min. at 1070 oC and 2 h at 880 oC.
in air. The XRD data are collected before the oxygen annealing. In both samples, the prominent peaks can be indexed to 
the (0 0 l) reflections of Dy-123 phase. This indicates that the films were strongly c-axis aligned.  Note that silver free 
films were always observed in the Dy-123 phase reflections along with the (0 0 l) (see Fig. 2).  However, the intensity 
of all (0 0 l) reflections of Dy-123 films produced  by double step heat processing is very strong, which indicates that 
one can make c-axis oriented high quality Dy-123 thick films utilizing the starting mixture  of Dy-210, BaCuO2, CuO 
with 4 wt% silver. 
3.2. Scanning Electron Microscopy (SEM) 
Fig. 3 shows a typical silver and silver free Dy-123 thick film top surface view of high magnification SEM images 
taken from ab plane. The sample is produced by double step heat process that is 10 min. at 1070 oC and 2 h at 880 oC.
The images show a relatively flat and dense surface morphology. Note that the size of the plate like grains is improved 
with increasing the silver content 0 to 4 wt%. Very large and plate like grains can be seen in the sample with 4 wt% 
silver (bottom right of Fig. 2(d)).  Note that the average grain size in the Dy-123 thick film was about 100 μm. These 
results proved that good quality thin Dy-123 films can be prepared with shorter processing time using Dy-210, BaCuO2,
and CuO as a starting material. 
FIG. 3. The high- magnification SEM micrographs of DyBa2Cu3Oy thick films on MgO substrate. Silver free Dy-123 is seen in the 
left; 2wt% of silver added to Dy-123 is in the middle picture (middle); and 4wt% of silver added to Dy-123 is in the right. Note the 
relatively large flat and dense surface grains morphology. 
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We investigated the optimum condition’s for the oxygen loading to DyBa2Cu3Oy thick films to produce good 
superconducting performance. These samples were annealed in pure oxygen atmosphere 25h from 300 to 550 oC in the 
interval of 50 oC. Figure 4 presents how superconducting transition temperature is affected by the annealing temperature 
and narrowest transition width is achieved for films annealed at 25h at 450 oC.  The films showed lower onset 
superconducting transition temperature, when  the temperature was increased or decreased from  450 oC. In addition, 
the onset superconducting transition temperature was reduced to around 60 K with significant broadening of the 
transition width, especially for the samples annealed 25h at 300 oC.  These results clearly indicate that 400 to 450 oC is 
the optimum temperature for Dy-123 thick films to get high superconducting transition temperature. Utilizing the above 
results, we systematically annealed the films in pure oxygen atmosphere from 400 to 450 oC at 25h, 50h, 150h and  
200h and obtained results that are presented in Figure 4 (right). It is clear that samples made with Dy-210 and annealed 
for 50h showed good superconducting properties, which is useful to produce high quality superconducting thick films. 
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Fig. 4. Normalized magnetizaton curves as a fuction of  temperature for the 4wt% of silver added Dy-123 thick films produced in
double step sintering process in air and annealed for 25h in oxygen atmosphere with varying temperatures from 300 to 550 oC (left); 
the same Dy- films were annealed in oxygen atmosphere  from 400 to 450 oC around 25h to 200h. 
4. Conclusion 
   We have prepared superconducting Dy-Ba-Cu-O thick films on MgO substrates using a mixture of Dy2BaO4,
BaCuO2, and CuO in the stoichiometric Dy-123 ratio as a starting material. For MgO substrates, a double-step process 
works very well to obtain good quality Dy-123 thick films. SEM analysis showed that very large grain around 100 
micrometer can be grown even in 2 hours. Magnetization results indicated that 400 to 450 oC is an optimum 
temperature for Dy-123 thick films to get high superconducting transition temperature. Our results clearly indicate that 
this technology, enables preparation of a large-area superconducting thick films on MgO substrates, with shorter 
processing time. Moreover, this process is relatively cheap and thus appropriate for commercial applications.  
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